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© Method of Inspecting a pipe liner bag. 

@ A method of inspecting a pipe liner bag is 
provided for efficiently and accurately perform- 
ing in parallel inspections for a hardened condi- 
tion and air-tight sealing effect of the pipe liner 
bag. A main pipe (1) and a branch pipe (2) are 
lined with hardened pipe liner bags (3, 4), and 
then all open ends of the pipe liner bags are 
air-tightiy sealed by air plugs (5, 6, 7) to define 
an air-tight sealed space (S) within the pipe liner 
bags. Then, while the pressure within the sealed 
space is decreased, the inspections are made 
for a hardened condition and air-tight sealing 
effect of the pipe liner bag. If the pipe liner bag 
includes incompletely hardened portions, such 
portions will be deformed due to compression 
buckling, so that the deformed portions can be 
readily found by a TV camera (10) equipped with 
a light emitting unit In this manner, a hardened 
condition of the pipe liner bag can be accu- 
rately inspected. Also, if the pipe liner bags do 
not provide a sufficient air-tight sealing effect, 
the inner pressure within the sealed space (S) 
wfll be increased, so that monitoring the inner 
pressure within the sealed space by a vacuum 
gauge (24) permits an inspection to be readily 
and accurately made, for an air-tight sealinq 
effect of the pipe liner bags. 
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The present invention relates to pipe lining tech- 
niques, and more particularly to a method of inspect- 
Jng a pipe liner bag. 

When an underground pipe, such as pipelines 
and passageways, becomes defective or too old to 5 
perform properly, the pipe is repaired and rehabilitat- 
ed without digging the earth to expose the pipe arid 
disassembling the sections of the pipe. This non-dig- 
ging method of repairing an underground pipe has 
been known and practiced commonly in the field of 10 
civil engineering. Typically, the method is disclosed 
by Japanese Provisional PatBnt Publication (Kokai) 
No. 60-242038. 

According to the method described in the above- 
mentioned publication, the pipe repair method com- is 
prises inserting a sufficiently long tubuJar flexible 
liner bag into the pipe to be repaired by means of a 
pressurized fluid, like air and water. The tubular liner 
bag is made of a flexible resin-absorbent material im- 
pregnated with a thermosetting resin, and has the 20 
outer surface covered with an impermeable plastic 
film. 

More particularly, according to the publication, 
the tubular flexible liner bag is closed at one end and 
open at the other; the tubular flexible liner bag is first 25 
flattened, then, the closed end of the tubular liner bag 
is tied to a control rope; the open end of the tubular 
liner bag is made to gape wide and hooked (anchored) 
at the end of the defective or old pipe in a manner 
such that the wide-opened end of the liner completely 30 
and fixedly covers and closes the pipe end; a portion 
of the liner is pushed into the pipe; then, the pressu- 
rized fluid is applied to the portion of the tubular liner 
such that the fluid urges the tubular liner to enter the 
pipe. Since one end of the tubular liner is hooked at 35 
the end of the pipe, it remains there while the rest of 
the flexible liner bag is turned inside out as it pro- 
ceeds deeper in the pipe. (Hereinafter, this manner of 
procedure shall be called "everting".) When the entire 
length of the tubular liner bag is everted (i.e., turned ao 
inside out) into the pipe, the control rope holds the 
closed end of the tubular liner bag to thereby control 
the length of the tubular liner in the pipe. Then, the 
everted tubular liner is pressed against the inner wall 
of the pipe by the pressurized fluid, and the tubular 45 
flexible liner is hardened as the thermosetting resin 
impregnated in the liner is heated, which is effected 
by heating the fluid filling the tubular liner bag by 
means of a hot steam, eta It is thus possible to line 
the inside wall of the defective or old pipe with a rigid so 
liner without digging the ground and disassembling 
the pipe sections. 

After the pipe has been lined by the method men- 
tioned above, it is necessary to inspect how the lined 
material is hardened and whether an air-tight sealing 55 
effect is sufficient or not Conventionally, the inspec- 
tion for hardened lining material has been carried out 
by a self-running TV camera or the like which is intro- 



duced into a pipe liner bag to monitor a hardened state 
of the pipe liner bag on the repaired Inner wail of the 
pipeline. Also, for inspecting the air-tight condition, 
the pipe liner bag is filled with water which is held 
therein for a predetermined time period, such that an 
amount of water decreased during that time period is 
detected to determined whether the air-tight sealing 
effect is sufficiently provided. 

However, the conventional method using a self- 
running TV camera or the like for inspecting a hard- 
ened condition allows only the inner wall lined with the 
lining material of the pipeline to be inspected but can- 
not accurately determine whether or not the lining ma- 
terial on the inner wail of the pipeline has been com- 
pletely hardened. 

Also, the method of filling a pipe liner bag with 
water for inspecting an air-tight condition has draw- 
backs in that the provision of a large amount of water 
is difficult, and this inspection requires a lot of facili- 
ties, operators and steps. 

Further, conventionally, the above two inspec- 
tions for the hardened condition of the lining material 
and for the air-tight condition are made in separate 
procedures so that these inspections require a lot of 
labor and time. 

The present invention has been made in view of 
the above-mentioned problems, and it is an object of 
the present invention to provide a method of inspect- 
ing a pipe liner bag which is capable of efficiently and 
accurately inspecting a hardened condition of a pipe 
liner bag and an air-tight condition of a repaired pipe- 
line in a single procedure. 

To achieve the above object, the present inven- 
tion provides a method of inspecting a pipe liner bag 
for use in repairing a pipeline, comprising the steps of: 
lining the inner wall of a pipeline with a hardened pipe 
liner bag; air-tightly sealing ail open ends of the pipe 
liner bag; decreasing an inner pressure within the 
sealed pipe liner bag; and inspecting a hardened con- 
dition and an air-tight sealing effect provided by the 
pipe liner bag. 

According to the above-mentioned method, the 
inside of the pipe liner bag after a lining operation has 
been completed is held in a depressed state, so that 
if an incompletely hardened portion exist on the pipe 
liner bag, such a portion will be deformed due to com- 
pression buckling. It is therefore possible to readily 
find deformed portions on the pipe liner bag, for ex- 
ample, by the use of a TV camera which travels inside 
the pipe liner bag, whereby a hardened condition of 
the pipe liner bag can be accurately inspected. 

Further, if the pipe liner bag provides an insuffi- 
cient airtight sealing effect, air will penetrate into the 
pipe liner bag to cause the inner pressure within the 
pipe liner bag to rise. Therefore, by monitoring the in- 
ner pressure within the pipe liner bag, for example, by 
a vacuum gauge, an air-tight sealing effect provided 
by the pipe liner bag can be readily and accurately in- 
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spected. 

Since the inspecting method according to the 
present invention parailelly inspects a hardened con- 
dition and air-tight sealing effect of the pipe liner bag 
without employing a large amount of water, which 
would be required by the conventional method, the in- 
spections can efficiently progress and be completed 
in a shorter time period. 

The above and other objects, advantages and 
features of the invention will appear more fully here- 
inafter in the following description given in connection 
with the accompanying drawings and the novelty 
thereof pointed out in the appended claims. 

Fig. 1 is a cross-sectional view of part of pipe 
lines for explaining a method of inspecting pipe liner 
bags according to the present invention. 

The present invention will hereinafter be descri- 
bed in conjunction with the preferred embodiment 
thereof with reference to the accompanying drawing. 

Fig. 1 is a cross-sectional view of part of pipelines 
for explaining the method of the present invention. 
Fig. 1 shows part of underground pipelines, which 
may be sewage pipelines, electric cable pipelines, or 
the like, comprising a main pipe 1 and a branch pipe 
2 which has a diameter smaller than that of the main 
pipe 1 and is branched from the same. 

The main pipe 1 and the branch pipe 2 have been 
lined by the aforementioned pipeline repair method so 
that the main pipe 1 and the branch pipe 2 have the 
inner walls thereof lined by pipe liner bags 3, 4, re- 
spectively. 

Specifically explaining, the pipe liner bags 3, 4 
impregnated with an unhardened thermosetting resin 
are everted into the main pipe 1 and the branch pipe 
2, respectively, and then pressed against the inner 
walls of the main pipe 1 and the branch pipe 2 with the 
pressure inside thereof maintained at a constant val- 
ue. The pipe liner bags 3, 4 are heated while that state 
is maintained to harden the thermosetting resin im- 
pregnated therein. In this manner, the inner walls of 
the main pipe 1 and the branch pipe 2 are lined by the 
hardened pipe liner bags 3, 4, respectively. It will be 
understood that part of the pipe liner bag 3 corre- 
sponding to the connection of the branch pipe 2 to the 
main pipe 1 is cut away by a cutter or the like. 

After the main pipe 1 and the branch pipe 2 have 
been lined as described above, a hardened condition 
and air-tight sealing effect of the pipe liner bag 3, for 
example, are inspected in the following procedure. 

First, all of open ends of the pipe liner bags 3, 4, 
that is, both open ends of the pipe liner bag 3 and the 
upper open end of the pipe liner bag 4 are air-tightly 
sealed respectively by a movable air plug 5 and an air 
plugs 6. 7 having a stopper, as illustrated, thus defin- 
ing an air-tightly sealed space. S within the pipe liner 
bags 3, 4. 

The movable air plug 5 is formed of a cylindrical 
body 8 and an air bag 9 mounted around the outer per- 



iphery of the cylindrical body 8, and a TV camera 10 
equipped with a light emitting means is incorporated 
In a front end portion of the cylindrical body 8. The 
length L of the air bag 9 is set to be larger than the di- 

5 ameter d of the branch pipe 2 (L>d). 

The air bag 9 is connected to a compressor 12 
through an air hose 11, while the TV camera 10 with 
the light emitting means is electrically connected to a 
TV monitor 14 through an electric cable 13. Inciden- 

10 tally, a pressure gauge 1 5 may be connected in a mid- 
way of the air hose 11 . Also, the rear end of the cylin- 
drical body 8 is connected with a rope 16 for speed ad- 
justment. 

The air plug 6 with a stopper in turn is formed of 
15 a vacuum pipe 17 having one end open to the air-tight 
space S, and an air bag 1 8 and a disk-shaped stopper 
1 9 both mounted around the outer periphery of the va- 
cuum pipe 17. The air bag 18 is connected to a com- 
pressor 21 through an air hose 20. The vacuum pipe 

20 1 7 is connected to a vacuum pump 22 with a safety 
valve 23 and a vacuum gauge 24 being mounted in a 
midway therebetween. 

The air plug 7 with a stopper is formed of a cylin- 
drical body 25 having both ends sealed, and an air 

25 bag 26 and a disk-shaped stopper 27 mounted 
around the outer periphery of the cylindrical body 25. 
The air bag 26 is connected to a compressor 29 
through an air hose 28. 

With the configuration mentioned above, when 

30 the compressors 1 2, 21 , 29 are driven to supply com- 
pressed air to the respective air bags 9, 18, 26 of the 
movable air plug 5 and the air plugs 6, 7 through the 
air hoses 11, 20, 28, respectively, the air bags 9, 18, 

26 are inflated as illustrated to air-tightly seal all open 
35 ends of the pipe liner bags 3, 4. 

Next, the vacuum pump 22 is driven to decrease 
the inner pressure of the sealed space S within the 
pipe liner bags 3, 4 through the vacuum pipe 17 to a 
predetermined value by the use of the safety valve 23 

40 and the vacuum gauge 24, so that the sealed space 
S is maintained in a depressed state. In this event, the 
movable air plug 5 and the air plugs 6, 7 are drawn by 
the negative pressure prevailing in the sealed space 
S so that they may be brought toward the sealed 

45 space S. However, the rope 16 and the stoppers 19, 

27 prevent the movable air plug 5 and the air plugs 6, 
7, respectively, from being drawn to the air-tight 
sealed space S, whereby these air plugs 5, 6, 7 fix- 
edly remain at the illustrated positions to air-tightly 

so seal the open ends of the pipe liner bags 3, 4, respec- 
tively. 

Since the sealed space S is held in a depressed 
state as described above, if the pipe liner bag 3 in- 
cludes an incompletely hardened portion, this portion 
55 will be- deformed due to compression buckling (the 
portion will protrude). 

In the above-mentioned state, if the rope 16 is 
disconnected to release the movable air plug 5 from 
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the fixed state, the movable air plug 5 is drawn by the 
negative pressure within the sealed space S to travel 
in the direction indicated by the arrow inside the pipe 
liner bag 3 along the main pipe 1. Since the TV cam- 
era 10 equipped with a light emitting means is carried s 
by the movable air plug 5 and also travels in the same 
direction, with the lightemitting means providing light 
the TV camera 10 sequentially images the inner wail 
of the pipe liner bag 3 which is monitored by the TV 
monitor 14, thus allowing the operator to easily find 10 
possible deformation on the pipe liner bag 3. In this 
manner, by imaging the inner wall of the pipe liner bag 
3 with the TV camera 10 and monitoring the situation 
on the inner wall with the TV monitor 14, it is possible 
to accurately inspect a hardened condition of the pipe is 
liner bag 3 (whether or not the pipe liner bag 3 has 
been completely hardened) by finding whether de- 
formed portions exist on the pipe liner bag 3. In this 
event, since the length L of the movable air plug 5 is 
set larger than the diameter d of the branch pipe 2 20 
(L>d), the movable air plug 5, during its travel, win not 
be drawn into the branch pipe 2. In other words, the 
movable air plug 5 will not be inhibited from travelling 
inside the main pipe 1 when it passes the branching 
portion from which the branch pipe 2 is branched. 25 

Since the movable air plug 5 starts moving at the 
time an absorbing force acting thereon (an absorbing 
force based on the negative pressure within the 
sealed space S) is larger than a friction force acting 
between the air bag 9 and the pipe liner bag 3, its 30 
movement is controlled by the inner pressure (nega- 
tive pressure) within the sealed space S and the inner 
pressure of the air bag 9. while the travelling speed 
of the same is adjusted by the rope 16. 

If the pipe liner bag 3 does not provide a sufficient 35 
airtight sealing effect, air penetrates into the pipe liner 
bag 3 to cause the inner pressure of the sealed space 
S to rise, so that the air-tight sealing of the pipe liner 
bags 3, 4 can be readily and reliably inspected by 
monitoring the inner pressure of the sealed space S 40 
by the vacuum gauge 24 with the safety valve 23 be- 
ing closed. It should be noted that the movable air 
plug 5 is fixed by the rope 1 6 during this air-tight seal- 
ing inspection. 

It will be appreciated that according to this em- 45 
bodiment, the inspections for hardened condition and 
air-tight sealing of the pipe liner bags 3, 4 can paral- 
lelly progress in a single procedure without the nec- 
essity of a large amount of water which would be re- 
quired by the conventional method, whereby the in- so 
spections will be efficiently completed for a shorter 
time period. 

While trie method of the present invention is par- 
ticularly preferred to an inspection of a pipe liner bag 
which receives an external pressure such as a water 55 
pressure from the outside or the like, it is also effec- 
tive to an inspection of a pipe liner bag which receives 
an inner pressure. 



As is apparent from the above description, ac- 
cording to the present invention, after the inner wall 
of a pipeline is lined with hardened pipe liner bags, ail 
open ends of the pipe liner bags are air-tightly sealed, 
and the inner pressure within the sealed pipe liner bag 
is decreased in order to inspect a hardened condition 
and air-tight sealing of the pipe liner bag, so that the 
inspections for hardening and air-tight sealing of the 
pipe liner bags can be efficiently and accurately 
made in parallel. 

While the invention has been described in its pre- 
ferred embodiment it is to be understood that modi- 
fications will occur to those skilled in the art without 
departing from the spirit of the invention. The scope 
of the invention is therefore to be determined solely 
by the appended claims. 



Claims 

1 . A method of inspecting a pipe liner bag for use in 
repairing a pipeline, comprising the steps of: 

lining the inner wall of a pipeline (1) with a 
hardened pipe liner bag (3), 

air-tightly sealing all open ends of the pipe 
liner bag; 

decreasing an inner pressure within the 
sealed pipe liner bag; and 

inspecting a hardened condition and/or an 
air-tight sealing effect provided by the pipe liner 
bag. 

2. A method as claimed in claim 1 , characterized in 
thatatleast one of the open ends of said pipe liner 
bag (3) is air-tightly sealed by an air plug (6) hav- 
ing a stopper (19). 

3. A method as claimed in claim 2, characterized in 
that said air plug (6) comprises an air bag (18). a 
vacuum pipe (17) and a stopper(19). said air bag 
being coupled to a compressor (C) such that said 
compressor is driven to supply compressed air to 
said air bag, said air bag being inflated by the 
supplied compressed air to air-tightly seal the 
open end of said pipe liner bag (3). 

4. A method as claimed in any of claims 1 to 3, char- 
acterized in that at least one of the open ends of 
said pipe liner bag (3) is air-tightly sealed by a 
movable air plug (5), said movable air plug being 
equipped with a TV camera (10) having light emit- 
ting means mounted in a front end portion there- 
of, said TV camera having light emitting means 
being used to monitor the inside of the pipe liner 
bag. 

5. A method as claimed in claim 4, characterized in 
that said movable air plug (5) travels inside the 
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pipe tiner bag (3) by controlling an inner pressure 
thereof and the inner pressure within said pipe 
liner bag, and a travelling speed thereof is adjust- 
ed by a rope (1 6) which is coupled to the rear end 
of said movable air plug. s 

6. A method as claimed in any of claims 1 to 5, char- 
acterized in that the inner pressure within said 
sealed pipe liner bag (3) is set at a predetermined 
value by the use of a vacuum gauge (24) and a io 
safety valve (23). 

7. A method as claimed in any of claims 1 to 6, char- 
acterized in that said step of inspecting a hard- 
ened condition and an air-tight sealing effect in- 1 s 
dudes the steps of: 

finding deformed portions on the pipe liner 
bag (3) for inspecting a hardened condition of the 
pipe liner bag; and 

measuring the inner pressure within the 20 
sealed space (5) for inspecting an air-tight seal- 
ing effect of the pipe liner bag. 
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